Original Articles
Implementing a Sepsis Resuscitation Bundle Improved Clinical Outcome: A Before-and-After Study It is complex and time-consuming to calculate, and is therefore generally used for audit and research purposes rather than for clinical decision making [1] . To counter this disadvantage, several studies have attempted to identify biochemical markers that can be used to predict mortality [1, 3] .
The trauma triad for death in patients with severe traumatic injuries comprises hypothermia, acidosis, and coagulopathy. Severe hemorrhage in trauma reduces oxygen delivery and may lead to hypothermia, acidosis, and coagulopathy [3] . In 1982, Kashuk et al. [4] showed that a "bloody vicious cycle" involving hemorrhage and 
Materials and Methods

1) Study population
We retrospectively and consecutively evaluated all patients with an ISS >15 who were treated for severe trauma between January 2005 and December 2015 at Gyeongsang National University Hospital. We identified 454 eligible patients. We excluded patients who had penetrating injuries, those who were discharged from the emergency department, and those who received fluid in the field. Based on these criteria, 139 patients were excluded and 315 patients were finally included in our study ( Figure 1 ). The medical records and electronic laboratory results were reviewed and data were extracted on demographics; mechanism of injury; ISS; HbL, pHL, and PT/INR on arrival at the emergency department; and in-hospital mortality.
2) Treatment protocol
Since 2008, the center has provided a 24-hour service. 
3) Definitions
The ISS is an anatomic scoring system that provides an overall score for patients with multiple injuries. Each injury is assigned an abbreviated injury scale score and is allocated to 1 of the following six body regions: head, defined as an ISS >15 [2] . Cutoff values were estimated by using receiver operating characteristic (ROC) curves.
The highest value of the sum of sensitivity and specificity was defined as the cutoff value. Mortality was defined as all-cause in-hospital mortality; we did not evaluate specific causes of death.
4) Data analysis
Missing data were not replaced or imputed. We calcu- 
Discussion
Several trauma scores have proven useful as indicators of mortality. These can be used to identify the severity of trauma injury and might influence therapeutic decisions.
The ISS is one of these scores. Although numerous recent publications have questioned its accuracy, it remains the most commonly used trauma score internationally [5, 6] . The ISS can be used to identify patients with severe traumatic injury, but it requires knowledge of all anatomical injuries [7] . Complete diagnosis of all injuries may take many hours after admission to the emergency department, thus, the usefulness of the score in clinical decision making is limited [1] . Because the ISS has such limitations, we hypothesized that HbL, pHL, and PT/INR value would be early predictors of mortality, based on the trauma triad of death [3, 4] . We analyzed the correlations Knottenbelt [8] suggested that the initial hemoglobin measurement may prove useful as a predictor of mortality in patients with severe traumatic injury. In that study, the initial HbLs of 1,000 patients were collected and analyzed; the mortality rate was higher in those with an HbL <8 g/dl than with an HbL ≥8 g/dl (P < 0.001). Knottenbelt [8] thus suggested that a low HbL observed soon after injury is usually an indicator of serious ongoing hemorrhage and has important implications for management and prognosis. Another study showed that hemorrhage in trauma patients is associated with an early decrease in HbL. An HbL ≤10 g/dl within the first 30 minutes of patient arrival will correctly identify the presence or absence of significant bleeding. Based on that finding, the authors suggested that a hemoglobin drop within minutes of sustaining injuries can predict mortality [9] . Similarly, we found that an HbL <8.4 g/dl predicted in-hospital mortality in patients with severe trauma (AUC, 0.895; P < 0.001).
Acidosis can induce organ dysfunction, affecting the heart, kidneys, and liver and can increase pulmonary vascular resistance. This may result in hypoperfusion [10] .
The utility of pH in the assessment of trauma patients has been debated in the literature [10] [11] [12] . Kaplan and Kellum [10] showed that the initial pH measured in the emergency department discriminated survivors from non- survivors of major vascular injury. Other studies showed that acidemia was correlated with serum lactate-lactate levels were higher in patients with acidemia-and that in patients with severe trauma, metabolic acidosis was correlated with survival [11, 12] . Those research findings are similar to ours. We found that academia (pH <7.25) on arrival can be used to predict in-hospital mortality, as it was correlated with in-hospital mortality in patients with severe traumatic injury (AUC, 0.736; P < 0.001).
Traumatic coagulopathy is a hypocoagulable state that cause mortality (OR, 1.88; P < 0.001) [17] . In our study, the PT/INR cutoff value was ≥1.4, but this variable had relatively low statistical significance (AUC, 0.593; P < 0.001).
Our study has several limitations. First, we only evaluated trauma patients managed at a single hospital, which may have introduced selection bias and limits the extrapolation of our findings to the entire population. Second, the sample size was relatively small; larger studies are needed to validate our findings regarding the predictors of mortality in patients with severe trauma. Third, our study was a retrospective evaluation, and as with all trauma registries, the accuracy of the recorded data may vary [18] . However, it should be noted that while the ISS can be a subjective measure, the HbL, pHL, and PT/ INR are objective measures. Moreover, the HbL, pHL, and PT/INR values were recorded more accurately than were the ISS scores. While this weakens the comparison between the variables, it strengthens the argument for the use of biochemical scores to predict mortality. Last, we excluded some patients from the study because they had received fluids in the field. We excluded these patients to prevent skewing the results based on presumed hemodilution or the hyperchloremic acidosis that may be caused by rapid saline infusion [19] .
Despite these limitations, this study is an important investigation of predictors associated with in-hospital mortality in patients with severe traumatic injury. Our study showed that initial HbL, pHL, and PT/INR were significant predictors of in-hospital mortality in severely injured trauma patients. Comparisons of these findings with those of other reports will enhance the prediction of mortality. We anticipate that these biochemical predictors of in-hospital mortality can more easily be used in an emergency department setting. Our findings suggest that close monitoring should be considered for patients with severe trauma and an HbL <8.4, pHL <7.25, or PT/INR ≥1.4.
